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Synopsis.
1.Prolactinisaprilharyhormonefbrexperimentalmammarytumorigenes輌s.
2.Oneroleofprolactininthedevelopn昭ntofmammarytumorsistocreatemammary
glandconditionsfavorablefortheactionofcarcinogenicagentsthroughitsstimulationof
frequencyofnormalcpithelialcelldivision.
3.Prolactinactsasapromoterontheprogre∬ionoftumorsbydirectlystimulating
thetumorce】ldivision.Evenspontalleousmammarytumorsinmice,whicharcgenerally
consideredtobehormone.independentandautonomousinprogression,areresponsiveto
prolact垣attheinitialStageofprogrcssion.
4.Normalandneoplasticmammaryglandcellsusceptib輌litytoprolactinismoreコ 　
1mportantmmammarytumorigenesisthanthecirculatinglevelsofthehormone.Mean.
wh五le,plasmamembraneprolactinreceptorisnotalwaysagoodindicatorfbrtherespon-
sivenessofthecellstoprolactinundernormalphysiologicalconditions.
5.Prolactineffectsaremodifiedbycstrogen,whichstimulatespituitaryprolactin
secretionontheonehand,andmodulatesmammarycellresponsivenesstoprolactinonthe
other.
INTRODUCTION
Itisnowoverwhelminglysupportedbycxperimentalevidencethatprolactinis
aprimaryhormonef()rmammarytumorigenesis,whileundernormalphysiological
conditionsprolactineffectsaremodifieddirectlyandindirectlybyestrogenandother
hormones.
Inthiscommunication,theroleofprolactinillthedevelopmentandtheprogrcs-
sionofmalnmarytumorsinmiceandratsisbrieflydiscussedbasedontheresults
obtainedinmyownlaboratory.'
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KEYROLEOFPROLACTINmPRENEOPLASTICANI)
NEOPLASTICMAMMARYGLANDGROWTH
Abnormaloutgrowthoflobulo-alvcolarsysteminmiccisobservedinmammary
glandsofagedmicewithmammarytumorvirus.Theyarecalledmammaryhyper-
plasticalveolarnodules(HAN)andoneoftherepresentativepreneoplasticstatesof
spontaneousmammarytumorsinthisspecies.Whileseveralmammotropichormone
complexwereknowntoberesponsiblcf()rthedevelopmentandprogressionofHAN,
wehaverevealedtheprimaryimportanceofprolactinintheseprocessesbyemploy-
ingCB-154(2-bromo－ α－ergocriptinc)fbrthefirsttime.AsshowninTablel,daily
subcutaneousinjectionsofCB-154decrcasedthenumberandthesizeofHANto8%
and67%ofthoseoftheintactcontrol,respectively.Onthecontrary,thenumber
ofghosts,theremnantsofregressedHAN,increasedsignificantly(1).Associatedwith
regressionofHAN,mammarylobulo-alveoliwerealsoabsentinthesemice.The
subsequentstudy(2)confirmedtheimportanceofprolactininHAN.Thenumbers
ofHANandghostsweremarkcdlydecreasedandincreased,respcctively,byadreno-
ovariectomy.Ontheotherhand,simultaneoustransplantationofisologousanterior
Table1.EffectsofCB-154andpituitarygraftonpreneoplasticand
neoplasticmammaryglandgrowthinMicet・2・4}
ExperimentI ExpcrimentII
Groupand
treatmenta
No.of
HANb
SizeofHAN
(mm)
No.of
ghostsb
Mammarytumor
incidence(%)
1.Intact
2.CB-154
3.Adx・ovx
4. Adx・ovx
十3AP
26.2土4.Oc
(19)e
2.1土0.5
(20)
6.7土1.0
(8)
32.6土3.6
(15)
0.67土0.Ol
(501)
0.45土0.04
(37)
0.53土0.07
(53)
0.76土O.02
(487).
0.5土0.2
(19)
2.0土0.3
(20)
7.9土1.3
『(8)
0.5土0.1
(15)
72.4(21/29)d
16.7(3/18)
0 (0/10)
56.7(17/30)
P<0.Ol 1,4/2,3
2/3
1,4/2,3
1/4
3/1,2,4
1/4
1,4/2,3
aInExperimentI,7-8months.old,multiparousC3H/Hemicewithnopalpablemammary
tumorsremainedintact(group1),receiveddailyscinjectionsofO.2mgCB-154(group2),adreno-
ovariectomized(adx・ovx)(group3)oradreno.ovariectomizedandsirnultaneouslygraftedwith3
anteriorpituitarieseachunderthekidneycapsule(adx・ovx十3AP)(group4).Allmicewerekilled
after40daysoftreatments.
InExperimentII,5-7months-old,nulliparousC3H/Hemicewereused.Alltrcatmcntswere
thesameasinExperimentIexceptforCB-154whichwasscimplantedaspelletandwasrenewed
everymonth.Experimentwasterminatedafter8monthsoftreatments.
bSumofthevaluesofthebilateralthirdthoracicglands.
cMeans土SEM.
dNurnberofmicewithtumors/totalnumberofmiceexamined.
eNumberofmiceorHANexamined.
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p輌tuitariesresultedinamarkedincreaseofboththenumberandthesizeofHAN
(Tablel).
Daiiyinjectionsofhumanplacentallactogenhavealsopreventcdtheinvolution
ofHANbyovariectomy(3).
Thcsereplaccmenttherapiessuchaspituitarygraftingandhormoneinjection
whichpreventtheregressionbyadreno-ovaricctomyofHANcannotalwaysprevent
theinvolutionofnormallobulo-alveolarsystcm.Theseresults三ndicatethatHAN
haveahighersusceptibilitytoprolactin,whichisacharacteristicsofthispreneoplas.
tlcstatc.
AstheresultsofsuppressionorpromotionofHANbyCB-1540rpituitarygraf-
ting,eithertreatmentdepressedorenhanccdthedevelopmentofspontaneousmam-
marytumorsofmice(Tablel)(4).
Theimportantroleofprolactininmammarytumorigenesisisalsoseeninspon-
taneousandcarcinogen-inducedmammarytumorsinrats(5-8).Regrcssionbyadreno-
ovariectomyof7,12-dimethylbenz[a]anthracene(DMBA)-inducedmammarytumors
canbeprcventedbyestrogen,buttheregressionbyhypophysectomycannot.Hypo-
physectomyalsonullifiescompletelythe輌nductionbycstrogenofmammarytumors
(9-ll).Ontheotherhand,prolactinalonestimulatesthedevelopmentand'the
progressionofDMBA-induccedmammarytumorsinadreno-ovariectomizedrats(12).
Hypothalamiclesionsalsoenhancedspontaneousmammarytumordevelopmentin
agedrats(13).
Alltreatmentsthatincrcasethecirculatinglevelsofprolactin,suchashypothala-
miclesions,pituitarygrafting,injectionsoftranqulizers,prolactinitself,ctc・result
inthepreventionofmammarytumorregressionbyhypophysectomyoradreno-
ovariectomyandfurtherstimulatemammarytumorigenesisovertheintactcontrol
levels.Bycontrast,allproceduresthatinhibitpituitaryprolactinsecretionsuppress
mammarytumorigenesis;itiswcllestablishedthatantitumoreffectsofsevcraldrugs
arethroughthesupPressionofpituitaryprolactinsecretion(6)・
MECHANISMOFPROLACTINEFFECTSONMAMMARY.
TUMORIGENESIS
EffectsonMammaryTumorDevelopment
Asotherhormoncs,prolactinitselfisnotacarcinogenandcannot'directlytrans.
formmammarycellmalignantly.Alternatively,onerolcofprolactin'inmammary
tumordevelopmentistocreatcmammaryglandconditionsfavorablef()rcarcinogens,
throughstimulatingthefrequencyofmammaryglandcelldivision.Inotherwords,
mammaryglandDNAsynthesisaroundthctimewhencarcinogenicagentsactonthe
glandisalimitingfactorformammarytumordevelopment(14-17)andthissynthesis
dependsmostlyuponprolactin(18-20).In50days・oldSprague-Dawleyrats,mamm.
aryglandDNAsynthesiswashighcrontheeveningofproestrusassociatedwithpro-
lactinsurgethanonthe2nddayofdiestrus・Inhibitionofprolactinsurgeatproestrus
byCB-154resultedinthedeclineofmammaryglandDNAsynthesistothediestrous
level.Meanwhile,in90days・01drats,littledifferencewasseeninmammarygland
4-3
'Nagasawa
DNAsynthesisbetweenproestrusanddiestrus.However,thesingleinjectionof
prolactininducedamarkedelevationofthesynthesis.Mammarytumorigenesisbya
singleintravenousinjectionofDMBAateachstage・vasparallelwelltothe「ateof
mammaryglandDNAsynthesisatthatstage;mammarytumorigcnesiswashighat
proestruson50daysandafterprolactininjectionon90daysandwaslowafterCB-
154injectionon50daysandatdiestrusonboth50and90daysofages(18)・
Thewell-knownstimulationandinhibitionbypituitarygraftingandCB-154
treatmentofspontaneousmammarytumordevelopmentinmicearealwayspreceded
bytheelevationandthedeclineofmammaryglandDNAsynthesis,respectively(21,
22).
Thisprolactinroleinthedevelopmentofmammarytumorisfurtherdemonstra-
tedinthespontaneousmammarytumorsofrats.Cumulativeincidenceofspon・
taneousmammarytumorswasmarkedlyinhibitedbydailyinjcctionsofCB-154for
4-llweeksofagedur三ngwhichmammaryglandDNAsynthesiswashigh,whereas
theadministrationofCB-154f()rlH8wecks,whenmammaryDNAsynthewsisdecli・
ned,hadlittleeffectonmammarytumorincidence(23,24).
Effect80nMammaryTumorProgression
Prolactinactsasapromoterandstimulatestheprogressionofmalignantmam-
maryfbci(ll).Whensubthresholddosesofcarcinogensarecoupledwithelevated
prolactininthecirculation,mammarytumordevelopmentisstimulated(5,ll).
Ithasrecentlybeenobservedthatprolactinhasalsostimulatingeffectsevenon
spontaneousmammarytumorsattheveryinitialstageofprogression,whichwas
generallyconsideredtobenoIongcrhormone-dependentand,therefore,autonomous
(25).AspresentedinTable2,thepercentincreaseinthenumberofpalpablemam-
marytumorsduring3weeksafterthelsttumorappearancewassignificantlyretarded
byovariectomyandthisretardationwaspreventedbypituitarygraftingassociated
withthedecreaseandtheincrcaseinthecirculatingprolactinlevels,respectively.
Table2.Effectsofovariectomyandpituitarygraftingonchangesinthe
numberofpalpablemammarytumorsfor3weeksaftcrthelst
tumorapPearanceandserumprolactinIevelsinmice25,
Groupand
treatmenta
%changeofno.of
mammarytUmOrS
Seru皿prolactin
(ng/mり
L2AP十 〇vx
2.Ovx
3.Intact
66.7土16.Ob
(27)c
25.5土7.2
(32)
59.9土9.3
(101)
237土35
(7)
31土9
(22)
144土41
(18)
P<0.Ol 1,3/2 1,3/2
aTwoisologousanteriorpituitaries(2AP)eachweregraftedunderthekidneycapsuleat2
mollthsofageandbilateralovariectomy(ovx)wasperformedatthelsttumorappearance.
bMean土SEM.
cNumberofmiceexamined.
4-4
ProlactinandMammaryTumorigenesis
Whileitisimpossibletoevidence,3weekswouldbetooshortforprolactintomake
mammaryglandepithelialcellsprogressfromnormalorpreneoplasticstatetopalpa-
blesizeoftumors.'
Theenhancingeffectsofprolactinonprogrcssionoftumorsaredirectonmalig・
nantmammaryfoci,whichwasclearlydemonstratedbyWclschandRivera(26).Ad-
ditionofprolactintoculturemediumincreascdDNAsynthesisofDMBA-induced
mammarytUmOrSOfratS.
CIRCULATINGPROLACTINLEVELSANDMAMMARYGLAND
SUSCEPT田IHTYTOPROLACTIN
Asalreadydescribed,prolactinisanessentialhormonef()rmammarytumorigene-
sisandelevationofcirculatingprolactinisresponsiblefbrtheprogressionofmam-
marytumors.However,underthenormalphysiologicalcondition,mammarygland
susceptibilityorresponsivenesstoprolactinismoreimportantthanthecirculating
levclsofthehormoneinmammarytumorigenesis.SHNmicc,whicharesuperiorto
SLNmiceinbothmammarytumorigcnesisandlactationalperf()rmance,arebetter
thanSLNinmammaryglandgrowthinresponsetograftingofpituitaricsfromFl-
hybridofbothstrains,indicatingthatSHNishigherthanSLNinmammarygland
susceptibilitytoprolactin(Figurel)(27).Thiswasconfirmedinvitro(28).Onthe
otherhand,noapparentdifferenceinplasmaprolactinlevclsbetweenstrainswasseen
atdifferentreproductivestates(27,29,30).Nodifferenceinplasmaprolactinlevels
wasalsoseenbctweenotherstrainsofmicewithdifferentmammarytumorpotentials
(31,32).Whileathymicnude(nu/nu)femalemicewereinferiortothecontrolmice
(nu/十)withthesalnebackground(BALB/c)inmammaryglandDNAsynthesis,there
wasnosignificantdifferencebetweengroupsineitherpituitaryorplasmalevelsof
prolactin(33).Therewasnorelationshipbetweenplasmaprolactinlevelsandthe
increaseinthenumberandthesizeofDMBA-inducedmammarytumors(34).
Alltheresultsncvernegatetheimportanceofprolactininmammarytumorige-
nesisandalternativelytheysuggestthatthephysiologicalrateofsccretionofprolactin
issufficientf()rthedevelopmentandtheprogressionofmammarytumors(29).
Meanwhile,Sinhaetal.(32)pointedoutthattherewasastrain-differenceinthe
metabolicactivityofprolactinandthatthesecretorypatternitselfappearednotto
beentirelygenetic.Moreover,theheterogencityofprolactinhasrccentlybeenf()und
inseveralspecies(35,36).Basedonthescobservations,Sinha(35)stressedthatwhat
theyweremeasuringnowbyradioimmunoassayrepresentedonlyafractionofthe
totalprolactininthecirculationandthatthiswouldbethe'reasonwhymostofthe
studiesconductedsofarfailcdtouncoverstrongandusefulcorrelationsbetween
plasmaprolactinandmammarytumorigenesis・
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Figure1・DifferenceinmammaryglandsusceptibilitytoprolactininSHNandSLN
strainsofvirginmice(x5)27)
Littledifferencewasobservedbetweenstrainsinthedegreeofmammarygland
growthat50daysofagewheneacllmousereceived3anteriorpituitariesfrom
(SHN×SLN)Flunderthekidneycapsule(3AP)Meanwhile,mammaryglandgrowth
wasmuchmoremarkedinSHNthaninSLN20daysafterpituitarygrafting.
■
PLASMAMEMBRANEPROLACTINRECEPTORANDNORMAL
ANDNEOPLASTICMAMMARYRESPONSIVENESSTO
PROLACTIN
Asstated,tissuercsponsivenesstoprolactinisoneofthemostimportantfactors
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f()rmanifestationofprolactineffects.Theref()re,theattentionhasbeenf()cusedon
thesignificanceofprolactinreceptorasanindexoftissueresponsivenesstoprolactin・
However,ourknowledgesofardoesnotpermitareliablemonitoringplasmamcm-
braneprolactinreceptoralone(6,36-38).Prolactinbindingofpregnancy-dependent
mammarytumorsinGRS/Amicewashigherondaylafterparturitionwhenthe
tumorbegantoregressthanondayl90fpregnancywhenthetumorwasinprogrcs-
sion(39,40).WhileSHNmiceshowahighermammaryglandresponsetoprolactin
thanSLNmiceassociatedwithahighernormalandneoplasticmammarygland
growthandlactationalperf{)rmance,therewaslittledifferencebetweenstrainsin
prolactinbindingactivity(30).Furthermore,nosignificantcorrelation(r=-0.38)was
observedbetweenprolactinbindingandtherateofprogressionofDMBA-induced
mammarytumorsinrats(Figure2)(41).
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Figure2.CorrelationbetweengrowthrateandprolactinbindinginDMBA-.
・inducとdmammarytumorsinrats.41) ,
Sprague-Dawleyvirginratsreceivedsingleivinjectionsof5mgDMBAat
50daysofageandcheckforpalpablemammarytumorsevery2days.When
tumorswcre10-15m皿insize,ratswerekilled.Prolactinbindinginmammary
tumorwasestimatedbytheinvitroincorporationof131LAveragedailypercent
changeinmammarytumorsizewasemployedasanindexofthegrowthrate
ofthetumor.
Prolactinisnowknowntobeinternalizedbyccllsandthereistheexcitingpos-
sibilitythatprolactinitselforaportionofmoleculemaybeitsownsecondmessen-
ger(42).Itwasfurthersuggestedthatbindingoflactogenichormonestoplasmamcm・
branemaybeastepnecessaryforintcrnalization.Pcrhaps,anessentialfunctionof
thecellsurfacereceptorisnottoparticipateinthegenerationofprolactinsurrogate,
buttofacilitateentryofthehormoneintocells(36).Significanceofinternalization,
rapidturnoveranddownregulationofprolactinreceptorisstillleftunanswered.In
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thisrespect,thedcvelopmentofquantitativeanalysis
munohistochemicalassay(42)shouldbeencouraged.
ofinternalprolactinbyim－
PROLACTINANDESTROGENINMAMMARYTUMORIGENESIS
Althoughprolactinisakeyhormoneforboththedevelopmelltandtheprogres-
sionofmammarytumors,itncedsestrogenintheseprocessesunderthenormal
physiologicalconditions.ProlactininjectioncanprotecttheregressionofDMBA-
inducedmammarytumorsinadreno-ovariectomizcdratsonlyforafewwccksanda
higheramountisneededfbrtumorstocontinuetogrow(12).Moreover,theprogres-
sionoftumorswhichregreSsedonceafteradreno-ovaricctomywasnolongerresump-
tedbyalowamountofprolactin(12).Bothestrogeninjectionandpituitarygrafting
elevatedserumprolactinlevclstothesimilarextentinovariectomizedrats,however,
DNAsynthesis .ofDMBA-inducedmammarytumorsintheseratswassignificantly
higherinthef()rmerthaninthelatter(44)。
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Figure3.EffectsofestrogenonDMBA～inducedmammarytumorigenesis[Aコ
andplasmaprolactinlevels[B]inrats(Nagasawa&Meites,unpub・
lished).
Sprague-Dawleyvirginratswerebilaterallyovariectomized(ovx)at40days
ofageandinjected∬with20r20μgestradiolbenzoate(EB)everyotherday
throughouttheexperiment.Someratsremainedintact,receivedvehicleonly
andservedasthecontroLEachratwasgivenasingleivinjectionof5mg
DMBAat50daysofageandcheckedforpalpablemammarytumorsuntil20
weeksafterDMBAtreatment,whenancontrolratsdevelopedtumors.Plasma
prolactinlevelwasdeterminedbyradioimmunoassayat6weeksafterthelst
tumorappearanceorattheendofexperiment.Thenumberintheparentheses
indicatesmammarytumorincidence(%).DandErepresent`diestrus,and
`estrus,
,respectively・'・
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Oneroleofcstrogen、innormalandneoplasticmammaryglandgrowthiswell
knowntostimulatepituitaryprolactinsecretion(45).Anotherisperipheralmodulation
ofmammarycellrcsponsivenesstoprolactin;properamountsincreasetherespon-
siveness(妬),however,higheramountsdecrcaseit(47).Bothincidenceandprogression
ofDMBA-inducedmammarytumorsinovariectomizedratsreceivingchronictreatment
with2#gestrogenweresimilartothoseintheintactcontrol(Figure3-A).Meanwhile,
mammarytumorigenesisinovariectomizedratsgiven20μgestrogenwasmuchless
thanthatof2μggrouporthecontroldespitethat20μggroupwascomparableto
2μggroupandh三gherthanthecontrol,respectively,inplasmaprolactinlevels(Figure
3-B)(NagasawaandMeites, .unpublished).
FUTUREPROSPECTS
Itisnowestablishedthatprolactinisaprimaryhormonef()rexperimentalmam-
marytumorigenesis.However,prolactineffectsonhumanbrcastcancerisnotso
conclusiveatpresentandfurthersystematicstudiesareawaited,especiallyreferring
theinvaluableinformationobtainedintheexperimentalanimals.Thereisnobest
animalmodelthatcanrepresentallcharacteristicsofhumanbreastcancer,butwe
havemanygoodmodelsifeachcharacteristicsofthemisproperlyused.
1
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